the country are affected by North-West winds, while
the south — by the South and North winds.

2. The assessment of the long-term variability
of wind speed indices (1957-2010) helped to iden-
tify high values (3.5-4.5 m/s) during the winter and
spring seasons with the maximum in the February
and March. The lowest values (2.3-2.0 m/s) are char-
acteristic to August and September.

3. Certain changes in the wind regime, spe-
cifically a decreasing tendency of wind speed have
been revealed over the whole territory of the Repub-
lic of Moldova during the second half of the 20" cen-
tury. This pattern is characteristic to the first decade
of 21%' century.

Reliable knowledge on current pattern of wind
mode is important specifically to those involved in
agriculture and environment protection sectors. The
indicated researches may be also particularly inter-
ested in promoting and developing the renewable
energy sources in the Republic of Moldova.
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Abstract. The paper represents the first atiempt
to apply hydrological modeling for simulation of flood
dynamics on rivers of the Republic of Moldova. Flood
formation in the area is mainly caused by heavy rains
which can reach more than 130 mm/d. This can cause
serious floods with heavy casualties in lives and dam-
ages in infrastructure. The area chosen for this study
is the Baltata River situated in the central part of Mol-
dova. Simulation of the flood dynamics was performed
using the physically-based fully-distributed JAMS/
J2000 hydrological model which allows evaluation of
natural and anthropogenic factors involved in the water
balance and flood generation. The performance of the
modeling is satisfactory considering that the anthropo-
genic influences like irrigation and reservoirs are not
well known in the area and therefore only concepiu-
ally represented in the model. Additionally the existing
data describing the situation in the basin are of low
confidence. Specific flood formation processes were
analyzed basing on 4 biggest flood events occurred in
the Baltata River. Regionalization and representation
of the geographical features has been conducted us-
ing the Hydrological Response Units (HRU) approach.
This gives the possibility to analyze flood generation
conditions in a fully distributive manner and allows to
assess the influence of potential flood protection mea-
sures on the discharge. The changes in the past in the
Baltata River basin are generally affecting the compo-
sition of land cover. The calibrated model was used to
evaluate the impact of present/past and possible fu-
ture land use changes on the discharge during floods.
Also the influence of land use on floods in general has
been analyzed to help to find solutions for a better wa-
ter and land management.
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Introduction

In the Republic of Moldova flood generation is
mainly caused by heavy rains which can reach more
than 130 mm/d. Besides natural factors, anthropogen-
ic activity can enhance flood magnitude through such
processes as deforestation, urbanization, agriculture
activities and reservoir operation. Assessment of hu-
man impact on flood generation is a challenging task
which should lead to a better land management suit-
able for floods mitigation. This study represents the
first attempt to apply hydrological modeling for study-
ing flood dynamics under human influence on rivers of
the Republic of Moldova. The study was performed on
example of the Baltata River Basin. Following steps
were conducted: (i)-analysis of the time series and
setup of the spatial database of the study area, (ii)
hydrological modeling and analysis of the results, (iii)
assessment of land use scenarios on the peak flow.

Methodology and database

Detailed monitoring on hydrological, meteorologi-
cal, soils, groundwater parameters was performed
during the period 1954-1994 at an experimental wa-
ter balance station established in the basin. From
1997 till present the monitored parameters where
reduced. For the present study the data on flow and
climate for 1970-2009 were used [1, 9]. Gaps of dis-
charge measurements are for the periods 1978-1983
and 1995-1997. The largest recorded pluvial flood
events reach 1.62 m3/s (5.06.1970), 4.18 (3.07.1975)
(fig. 2), 1.27 m?®/s (9.06.1984), 2.96 m°/s (5.06.2001),
3.66 m*s (19.08.2005) discharge. Daily precipita-
tions which generate the flood events are between
35 (5.06.1970) and 141 mm (5.06.2001).

Spatial database consists of soil maps [4] and for
land-cover — topographic maps (1:50.000 for 1982

and 2013) and Landsat images [7]. The land-cover

was classified in 7 classes: settlements, grasslanag,
forest, arable land, shrub (including vineyards, or-
chards), wetland and water. From the described spa-
tial information model entities were delineated using
Hydrological Response Units (HRU) approach.

Simulation of the hydrological dynamic was per-
formed using the physically-based fully-distributed
JAMS/J2000 hydrological model [5, 6] using daily time
step. The model is designed for river basin modeling of
rainfall-runoff processes and allows evaluation of the
impact of natural and anthropogenic factors on the hy-
drological dynamic. The process simulation is carried
out in independent simulation components (e.g. for
snow, soil water and hydrogeological dynamics) that
can be adapted, substituted or added depending on
the models purpose and data availability. Most of the
process components of JAMS/J2000 are characterized
by conceptual algorithms that are widely used through-
out the world. This model is able to represent the most
important factors for flood generation and therefore is
well suited as assessment tool for this study.

Study area
The catchment chosen for study is the Baltata

River Basin (166 km?). It is located in the central part
of Moldova and is a tributary of the Dniester River. The
morphology of the basin is hilly with altitudes between
18 m and 220 m (fig. 1). The area is characterized by
a high proportion of degraded lands, 30.9% is eroded
and 6.3% are occupied by landslides [3]. The lithology
is dominated by clay, sands and limestones. These
rocks are predominantly covered by typical black soils
(cernozems) with an average depth of 70 cm and fluvi-
sols in the floodplains. The texture classes of the soils
are mainly loam clay (over 60%), loam (over 20 %)
and sandy loam (10%). Typical groundwater depths
range between 5m in the floodplain and 30 m on the
top of the slopes. The climate can be characterized as
semi humid, the annual average temperature is 9.5°C,
annual average of precipitations is 530 mm with fluc-
tuations from 349 (1982) to 696mm (1980). Average
water flow of the Baltata River is 0.05m"/s.
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event of 1975

The comparison of the land cover for the years
1982 and 2013 shows an increase of settlements
and cultivated land area, forests and grassland and
decreasing of areas covered by vineyards/orchards.
The basin is dominated by agriculture with a propor-
tion of over 50% of cultivated land; forests are only
occupying 13-16% of the basin area (fig. 3). The situ-
ation regarding small reservoirs and ponds that were
constructed in the river floodplain during the soviet
period shows that they are out of use because of the
accumulation of sediments.
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Figure 3. Land cover of the Balata River basin (left
1982, right 2013)

Results and discussions

Analysis of meteorological and hydrological data
consistency was performed using double-mass anal-
ysis method and comparative analysis of log data for
daily precipitation and flow. The test results can be
considered satisfactory for precipitation data (fig. 4)
but comparative analysis of precipitation and flows
show a relatively good relationship between these
two components for the period 1970-1977 and 1997-
2009 and unsatisfactory for 1983-1994 (fig. 5). This
fact as well as researches conducted by other e.qg.
Melnciuc O. [10] indicate a low confidence of hydro-
logical data which needs to be taken into account.

A good reproduction of the geographical reality
of pilot river basin in a virtual model needs a good
understanding of processes that occur in the basin
especially during floods periods. Flood generation
processes are distinguished by non-stationary char-
acter. Important factors to be taken into account are
of course flood generating factors: heavy rains and
water retention factors: soil characteristics (especial-
ly actual soil moisture, infiltration and storage capac-
ity, etc.), land cover (natural land cover and in par-
ticular anthropogenic changes: urbanization, plant
cultivation), as well as hydrogeological parameters.
All these factors were taken into account during the
hydrological modeling process.

Model quality control was performed using four
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efficiency criteria: coefficient of determination (R2),
Nash-Sufcliffe efficiency (E), logarithmic Nash—-Sut-
cliffe efficiency (In E) and percent bias of the total
runoff (PBIAS) [8]. From the entire modeled period
(1970-1978, 1983-1994, 1997-2009) four major flood
events were identified and used to evaluate the dy-

Table. 1. Simulation results and performance
statistics for the Baltata flood events simulation

Mea- Maximal Mod-
sured | daily sum eled
Event daily of pre- | daily
flow, | cipitation, flow,
m3/s mm ma3/s
04.06.1970-08.06.1970 | 1.62 39.3 1.5
02.07.1975-10.07.1975 | 4.18 96 2.9 -]
B riiE 1
07.06.1984-13.06.1984 | 1.27 63.9 M
12.08.2005-22.08.2005 | 3.66 67.4 2.3
' | o y= 1.0297%- 86.469
} B - R?=0999% 4
B
8
0 BOND Ao s
e |
. iﬁ; _:_ [
et e 000 T 00 15000

Figure 4. Double-mass analysis for daily precipitation (2
stations)
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Figure 5. Double-mass analysis for daily precipitation and
flow

namics (tab. 1, 2, fig. 6).

The performance of the modeling is satisfactory
considering that the anthropogenic influences like Ir-
rigation and reservoirs are not well known in the area
and therefore only conceptually represented in the
model. Additionally the data base itself can be clas-
sified as low confidence.




Table. 2. Performance statistics for the Baltata flood events simulation

Figure 6. Measured and modeled flow

In Fig. 6 different major flood events are dis-
played, the results show a tendency for damping the
measured signal in the model. Despite of this, the
model sometimes over and sometimes underesti-
mates the peak flow. One reason for this behavior
can be that the rain patterns are not always cached
correctly by the measurement network.

The next step consists of simulation of different
land cover scenarios using the established hydro-
logical model to understand the flood wave behav-
lor under human impact. For this study 3 analytical
extreme scenarios which show the theoretical pos-
sible variation of stream flow modifications caused by
different land covers were used. One more realistic
scenario of land cover modification is developed and
applied. First scenario consist of covering the entire
basin only with forest (the most optimistic scenario
in terms of flood prevention). Second extreme sce-
nario covers the basin with cultivated land. The most
pessimistic scenario is considered when the basin is
covered with urban area. Last model consisted in an
attempt to create a new layer of land cover accord-

L Event R2 = Performance of dynamics | Ln E
04.06.1970-08.06.1970 0.95 0.90 Very good 0.84 Good
02.07.1975-10.07.1975 | 0.89 | 0.71 Good 0.74 Satisfactory
07.06.1984-13.06.1984 | 0.98 | 0.75 Good 1.14 | 24.42 Satisfactory
12.08.2005-22.08.2005 Good 0.67

0.76

- i L L e ! 'I'I".:::.:. E I.. E" .'.':.E.' wiatut : I.I:;. oL 1

Ing to the slope [2] in combination with existing forest
and settlements: 0-5° - cultivated land, 5-10° - grass-
land/shrubs, 10-15° - shrubs (including vineyards),
15°< forest. Modeled land cover map does not dif-
fer much from current map, a reduction can be seen
only of cultivated land. The results shown in Tab. 2,
3 indicate that forest has a distinct reducing effect on
both the total runoff and the flood peaks, whereas
urbanization has the opposite effect. The new land
cover shows no systematic difference to the existing
land-cover except for the highest flow events 1975
and 2005 (Fig. 7) were a reduction of about 10% is
achieved.

Conclusions

Present research represents the first attempt to
apply hydrological modeling for simulation of flood
dynamics on rivers of the Republic of Moldova. De-
spite the fact that physical-based, fully distributed
models require a large number of temporal and spa-
tial data and a better understanding of the process-
es occurring in the catchment, advantage of these
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Table 3. Modification of daily maximal flow under impact off generation. In this case a strong increase of

of different land cover scenarios, %

Modification daily maximal flow, %

the peak flow can be observed by increased im-
pervious surfaces of settlements, the other ex-

Cultiva- | Urbaniza- INew Land-| treme is represented by forest. This results are

in line with the common hydrological knowledge.

Improvement of the current hydrological
model requires additional information and scien-

Event
Forest : :

{ tion tion | cover
04.06.1970-08.06.1970 | -33.1 [ -4.9 32.2 5.4
02.07.1975-10.07.1975 | -30.4 | -11.1 47.5 -11.4
07.06.1984-13.06.1984 | -61.0 ST S St E 2.0

= e 12 d Sespelis. WANRERSEETTY!, 59 B TRCRRETNGN. JESES PG S T T—.

12.08.2005-22.08.2005 | -55.9 | 42.5 33.2 -7.9

tific research in the field. Beside a better rep-
resentation of the precipitation pattern, special
studies on structural and textural parameters
of soil and rainfall-runoff and groundwater-sur-

Table 3. Percent change of the total runoff (PBIAS) un-

der impact of different land cover scenarios, %

face relationship are imperative for the correct
assessment of factors that determine the river
flow. Evaluation and understanding of the pro-
cesses of pluvial floods generation are the first

| Maodification PBIAS, %

Event l Cultiva- | Urbaniza- [New Land-
Forest ; .
¥ fion . tion cover

| step towards building a conceptual plan of flood

risk management and can serve as an informa-
| tion support for future land planning and land

04.06.1970-08.06.1970 [-39.47| 11.04 60.06 12.01

management.

02.07.1975-10.07.1975 |-38.57| 4.61 30.66 -8.82

References

| 07.06.1984-13.06.1984 |-79.29| 10.75 91.20 17.48

_

12.08.2005-22.08.2005 |{-83.26| 85.37 70.27 -12.12

Anuar privind regimul si resursele apelor
de suprafata, anii 1997-2009. Partea 1. Riur
si canaluri. Partea 2. Lacuri gi bazine de apa.
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Figure 7. Modeled hydrographs under four sce-
harios
models consists of the possibility of their application

in assessing human impact (such as land cover) on
river flow. The presented hydrological modeling on
example of the Baltata river shows the possibility to
estimate the influence of land cover changes on run-
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